ABSTRACT The inspiratory timing of lung crackles in patients with bronchiectasis was compared with the inspiratory timing of the lung crackles in chronic bronchitis and alveolitis. In severe obstructive chronic bronchitis the lung crackles are typically confined to early inspiration while in alveolitis the lung crackles continue to the end of inspiration but may begin in the early or the mid phase of inspiration. In uncomplicated bronchiectasis on the other hand, the lung crackles typically occur in the early and mid phase of inspiration, are more profuse, and usually fade by the end of inspiration. In addition in bronchiectasis, crackles are also usually present in expiration, they are gravity independent and become less profuse after coughing.
Lung crackles in inspiration and expiration can be timed precisely by the simultaneous recording of lung sounds and airflow. Forgacs' pointed out that the lung crackles of fibrosing alveolitis typically occur late in inspiration and suggested that these sounds coincide with the late opening of the peripheral airways in this condition. Nath and Capel2 contrasted the characteristically late timing of inspiratory crackles of fibrosing alveolitis and related disorders with the characteristically early timing of the inspiratory crackles in severe obstructive chronic bronchitis and emphysema. In this paper the timing during inspiration of lung crackles in uncomplicated bronchiectasis is compared with the timing of lung crackles in fibrosing alveolitis and obstructive chronic bronchitis. Additional distinguishing features of lung crackles observed in the three conditions are described.
Patients
The 38 patients studied were divided into three diagnostic groups: bronchiectasis, chronic bronchitis, and alveolitis. The (table 2) . Their chest radiographs showed no focal or diffuse lung lesion and they were not submitted to bronchographic examination.
ALVEOLITIS
Ten patients studied in this group showed radiological evidence of diffuse lung infiltration. Eight patients had fibrosing alveolitis and the remaining two had pulmonary sarcoidosis confirmed by lung biopsy. Spirometrically there was no airways obstruction with a mean FEV1 /VC ratio of 84% (table 3) .
Methods
All the sound recordings were made with the patient sitting. A crystal suction microphone mounted in an aluminium cup was fixed on the chest wall at the point where the lung sounds were best heard. The usual site of recording was at the right or the left lung base. The output of the 694 5) . An important feature of the lung crackles in fibrosing alveolitis is that they continue to the end of inspiration but may start in the middle third and even first third of inspiration so that they are then heard throughout inspiration. The timing of inspiratory crackles in one patient with longstanding bronchiectasis and extensive lung fibrosis was compared with the timing in fibrosing alveolitis. Lung crackles in the bronchiectatic patient were loud and more profuse in the early and middle phase of inspiration than in the third phase of inspiration (fig 6) , whereas in alveolitis, the lung crackles were fine and became more profuse in the third phase of inspiration ( fig 3) .
As in chronic bronchitis, the lung crackles of bronchiectasis can commonly be heard at the mouth, suggesting that the crackles are generated in the proximal intrathoracic airways. The observation is in keeping with the bronchographic findings which show abnormality of the larger and the medium sized bronchi. By contrast the crackles which originate in the peripheral airways, as in fibrosing alveolitis, are rarely heard at the mouth.
It seems likely that the crackles of bronchiectasis relate to retained secretions in damaged and dilated bronchi. These crackles are typically present in inspiration and expiration, and they are less abundant after expectoration. Bubbling in retained secretions, however, is probably only one of the causes of these crackles. The bronchial wall compliance is increased in bronchiectasis.4 A bronchus with high compliance lined by mucus will tend to close prematurely in expiration and will open early in subsequent inspiration at a low transpulmonary pressure. The airway opening in inspiration may be abrupt or it may remain lightly closed and open intermittently as a bolus of gas passes when upstream gas pressure rises above a critical level. This mechanism, suggested by Forgacs,' is similar to that generating the lower pitched explosive sounds when gas passes through the oesophagus, bowel, or anal sphincter.
Regional studies using radioactive xenon have demonstrated impaired ventilation of bronchiectatic regions irrespective of anatomical type of bronchiectasis.5 The continuation of lung crackles in mid inspiration may in part be explained by the longer time constant of the bronchiectatic airway where the crackles are generated. The time lag between the instantaneous flow rate re- 
